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PROBLEM TO BE SOLVED: To provide a surface light 
emitting semiconductor laser containing a reflector that 
achieves high reflectance with a smaller number of 
laminations, and further, in a practical long-wave-band. 
SOLUTION: Gallium arsenide is used for material of a 
substrate 1 , and a semiconductor multilayer film 
reflector 2 is formed between the substrate and an 
active layer 4. Aluminum, indium and phosphorus mainly 
constitute the low-refractive-index layer of the 
semiconductor multilayer film reflector 2, and the lattice 
of the low-refractive- index layer matches that of the 
substrate. Gallium, indium, nitrogen and arsenic are the 
elements mainly constituting the high-refractive-index 
layer of the reflector 2. Gallium arsenide is used for a 
substrate 1. Gallium, indium, nitrogen and arsenic mainly 
constitute an active layer 4 formed on the substrate. A 
semiconductor multilayer film reflector 2, the lattice of 
which matches that of the substrate 1, is placed 
between the active layer 4 and the substrate 1. This 

makes it possible to use the laser over a wide range of optical application systems, including 
optical transmission/reception modules (optical interconnection devices), parallel information 
processors, and optial fiber communication systems. 
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Tty»-M(*«. 2 0 OMb/^X 1 6 = 3. 2G 

[0 0 3 8] JdEJ6JIMI*S ? »--rt^>8«*«l>"C3> 

K|USB<D«fiR%^-r. BJBKCfc^T. 6 1 

6 2 8. S«C7* h^*-KTU-f*»6 
ttS*SWt*^»-^. B 3(tt7 7^7H'. 6 4 

K. 6 61*. 3>fcTa-df 6 4©3ft#- K*5^". M 
3>fa-iiHt3. 2Gb/#x8 = 25. 6Gb/ 
fj!©*gffi©fl-^*s£&3 

[0039] <c*». #|i|i6ffi©®le3£¥^ftU-im. 

[0040] <SU60!l2 >l5l— SfeJiKSBillffltDME S 
-FETMh7>i>X*£^«0fc&3fc)&KAl0. 9 8 

T. |sl0K:*Jt»-C t 2 0B**6ilite©GaAsgt£, 2 1 
8, n-GaAs ^'f (n W^JiSa[= 1 x 1 0 

"cm" 3 ). I^HSffliJCCteCi-C. 2 2«nS^Ml 
MKMM (n**»?SK= 1 X 1 0"cm" ! ) . 238 
Ga 0 ., ! U, I ,P.. ! ,As..„ X-^-iNB. 2 4». G 
al nAs/Gal nPAs ft&ttHRStffftFiStta. 2 
5«GaInPAs 2 68. p®¥i»tt:£Jt 

MJStrti (p^*$^i«S= 1 x l o 19 cm-')^t. 

[0 0 4 1 ] ffi14H2 4«cB. EES§M£8K>5Ji©7 n 
m/IGa,.., In,., s As #FsmZW&m&m^6 nml 
©Ga,.,. I*. 11 P..,.As.., 1 WSa-CPSTT. 
flejtc 1 . 2 7eV($fcg:0. 9 8um)©'OF¥t> 

g|®Jg«^2 2^2 6(3:. ^®f*cpt? 1 / 4 i£fiJ¥© 
Ga..,, Irw.„N,...As l .„ H&¥WMnri/4* 

sji©av, i r^.iPmz&KticmmLfc. mm±i>, 

2St52 0 Tk&rt -jVrMZ 1 itS^-IS^BX-SJ: ^ffifS 
tt^SSUfc. AlInPII©Al ©IIJJSotSS© 

#©§!]£& 5 0 %t£.WC%.l>1c. SW$*9 9 %U±K.-T 

[0 0 4 2 ] ^ig#©&H2 1 ~2 6 8, Wt'S 
*^@«rfflt,>t: 1 x 1 0- 4 Torr©il5K^tp-cili^b 
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SCi*SnJt6-C*-5. Al. GaRtM n©/I*4«CB. * 

n-en©^s*. prcms ©m$kcb. ^n^n?* 
^7^Ry t 7;^>^, -€-L/rN©Jl*4«:tt, W^iS 

©rS14fbB. •e©«*>tcECR^'9X-7 (Electron Cvc 
lotron Resonance ; ST-lf-f * P r P >fti») £JH<<>f 

a. -en-ens i MCBr.iii*. ^srses©sis 

J&5 0 0'CKfg^L/fc. 

10 [0 04 3] ^cc, £j£te^tf>t-Ax* ?>^<c^ 

«3. /^7rl2 1 ©*ffi3E"CX?*>yo. @5(C7rt 
Tr«m@5ym©Rttt*©fmfilS*glb/c. C© 
fg. ffeSSSWfflffltlSK: «fc 0 S iO, 2 7 £JfM 
U p{|ijmffi2 8RO*n||ijmS2 9 4ffJfiS;L/. B^£* 

[ 0 0 4 4 ] 05 SffllJ© £35#©f£iS 

tt-^-ciBBjrr*. flJaMC h-7>^xd»©niiJ©SB^ 
£¥*S^teStK2 otcgTSSTi^^L-r. 31^- 

20 3 lRtf FU--r^mffi3 2 SUBSUME S-FETMr 

[0045]itK, T^2-^A*^L/-Cmmi5^ 
3 3£fffco?c. 13^3 38. h9>5?^*<OV-^« 
S3 0 If© P W^®2 8 =&^"Cl» 

[0046] ^^©ffifG^igftU-lfB. 

SfeSE*©^©^©— tcSto/c. cntcj:<5. 

3 3^-%J53t?JI5fi)ET*Ci^oJtli^0. fi£*© 

30 *^"cn«itto-ct>fcffl»**»**i'— !f©«Jffi§B-e 

©«r^[eIja^*-SCi*i-C#fc. ■€■©*£!&, ^©#g 

[0047 ] S^3*c¥^l^--9 , ©nffl'Jm©2 9ih? 
>5?X *©•**- rmfli3 1 Rtf K l"f>ll 3 2 ICjtf-T 

*iBfaa. ^©ffi^swe^ic^ss-c*?.. cne. 

[004 8] ^tc. *«a@SS©K»fPK:oi»T:ift^T 
a. Kb-<>^S3 2CC8^l£Vd *iEP/in3n2.i. r 

40 y-xss3 otcmss^n^. -e-©^*. 62^3 3* 

0. 9 8 (imOU- tf3t^SfiffliJ^6Ul*tL/fc. y- h 

mfii2 9 Kg^ftSigtaRKJ: OtSSnS. 
[0049 ] SOkLfcffifWt***!^— S9«tt© 

$>z>vm*m^-cm,><D-c. 1 7j^ra)y±©s^^* 

50 f^4^Ufc. ¥»{*£BJgK!W«g©«B&4fiE* 
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©sg^Bcit^-c^fl-©— terse £#-e#fc. Mtc> p 

§2©KJW^K:GaI nNAs £fflt>fc©-C, ^{££JIR 

— tf i h 9 >5?X £ £H« L/r 2 ^tcT U -Y <tf & C <t 

fc. isi*y*-;i/5:M?'J7fetffR^Si©io-t?*S^{t 

[005 0] BfW&MlttU— tf iME 
S-FETS!b7>^X^ ; S:«gib/c*s > *^*-Cfc% 10 

[0 05 1 ] *58»WCflUIt/fcAl I nP/Ga 

InNAs 3ft*JiJBIS*WiCCOl>r» SB&<tS»$© 
KlffcfcS^fc. B6K. fi£jfc©GaI nP/GaAs 

mmmmmtoMotiM^imbft. ^bkhbb-c© 

Gal nP/GaAs X^nKStNtrM:. B«©9 9. 20 
5 %©£*]*£#*©«: 3 2*t©HBSfc#ift^-C*&. 
— *|ge8©A1 I nP/Gal nN As J6£B)gJ5*H& 

r«i 3»trjt«s*i. f*B»*m/3«cfi«-«-sc 

lAs/GaAs XMMSQNMOl e»*WIL"Ct» 

[0 052] BVT. Jl#c#4 0 c nr m ©«£K:-X>-C 
ISWTS. Al I nP/Gal nNAsS^BR&BfBttl 
5*h?9 9. S^OKSt^tfWfctli. l/#»U St*© 
GalnP/GaAs&^BRJKWR-Cfct. <,><6«B& 30 
£rit*>UT4>R*fs£«9 9. 3 9 9 . 5% 

-'g/gtettSC £36**9, Al I nP/Gal nNAs 
BRE8^>6*RB»©<^£iafc>^*©1feGSfc#«fc 

[0053] ±i3fSm«. AT I nPRO'Gal nNAs A* 
GaAs*««:«^K^L-rc»Sil*-r***«. IfrFF 

BWW»»**»4C4**r*4. *fc. SRKSfCTlS 

5 tctc^ifflffi^is-rc £**i>rtg-e* 40 

[0054] <f£S6f?d 3 >&©#* 1 . 3 m?g©ffif£3E 

aAsHSOiWiilgMXlO'-cm-'), 4 2IJ 
nM©¥*I<*£BIIJ5a«S <nW*«*> U10" 
cm" 3 ). 4 3BGaAs ^^1, 4 4«Ga„..In 
...N....A*... RSiSttR. 4 5BGaAs^-1f 
m. 46Bp-A1 D .,Ga,.,As KB (p^tft 

jgg=lxiO"cni- J ) . 47ttp-GaAs 50 
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9 hR(p WIMNK- 1 x 1 O^cm-') **VT. 
[0055 ] ?§14B4 4tC«. G aA s Sffi 1 £ tST^ 
jftfil. 3 (umtcStLTTO. 95eV©A>K+* 
fj^o/VF-^GalnNAsIS^/c. ¥ 
i»ft£BRK!WIS4 2 «. t» 1 /4*JUWDi* 

IffffOGa,.. I n 0 .,No.oiAs 0 ., 9 «4¥*tt«tn:i 
/4jfcgJ5©fg/3«r*©Ga>. 5 I * . , PB*&EK«B 
Uc jffB£6> S*l SBJStfcb* 
t£5£bfc. 58*^*9 9%iiLhK:-r2.fc/i&K5Wa4 2 
<08IB»*2 7»4 Lfc. 

[005 6] *JI#©&B4 2 ~4 7 W^HfitB 
x£^^$SB'fcflJ 1 x 1 O-'Torr©® 

Jt?a*rl6*«ft3*fc. fcte. ISARSictt-eotttc 
|»H \£ 2 * ^SSEg-^^HSS i K * * 5^Bs«* fflt > & 
C£76*njerc*£. Ga Rtf I n ©/IfSHcra. -6*1^*1 
b yy^;l/^y A^ARtfh y^^-OS^A*. P 
RtfAs ©KftCCH:. *n^ft7**7 •f>RCPT*5/ 
>£. *UTN©»PHctt. Jfi/t'^WS^ffl 
Ufc. nM^RW^ pSf?WJ»©»tt«:H:, *h**i5> 
~>v>Rtfi'^*. , l'i?>#'£:flJ , »>fc. ^B£S©SIIE* 
6 0 O'CKBSEl/fc. 

[005 7 ] JfcK. <fc¥«lffl««ixai* h U2>* H 
§&Cj:9fliL&l 0 ymOR^SiO.RSrJfcfiSU Cti 
iv^ ^ i nSOf«MIIWi4 2©&*£ 
•C>X7 Hi2-? i >^l-C^tKICt5. Si 

0, ^x**«bfc**fia^*«IS«:J;»> SiO, 

KB9*^fiSUfc. ttl»-C. ^f-©±gB©SiO, 
[005 8] COi. h^7ffitC«t»5 y>y«©p 

mmm 1 o l fc. Ktc . ^ •» ^ * ^.s»c j: o b 

fc. gf^f*^BfflS*f^i i«> «*fW-ei/4ift* 
m$<omm^Tmr^:)vy r x s i B<tpm(*f r 1/4 

«FJU»30fiB*r*SlO,B*^«caiBb-C»«0 

fc. -e©aB»45>!*4i/fc. 

[005 9 ] ^ffi%*¥«(*U-tf«. MiSCC*it,»-C 

1 . 3 u m ©?SS-CS5£CC U - If #S L . i^»tt©* S 
*t»*B0>-C^t»©-C. 1 0^BWW±©*t»*^»* 
*Wbfc. 

[00601 XK. ffiffli4 4©GaI nNAs OtmXt 
*SlJ©3?S©fiiK^^.r. ^Jg)SSA J 1 • 5 5 u m©E 
9t3&¥m»l'~- lf*fP«bfc. 1. 3(imStfl. 5 5 

^^^©^asffltefflc^fc. 
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[0 06 1 ] fcfc. m&&%:* 1 . 3 Mm 

Rtfl. 5 5/imiL/cfcOT*W Gal nN As CO 

SylBU/Ccfc^CC^> F^+^iO eV«CT5CA# 

0Df6H4ft£« 
[0 062] <I«S0]4 >*»W©ffl»**»»U-1f 

y v*f**7tfi' J F4 >yccJ:0Sa6L/fc*asSM j e^ 

[0 0 6 3 ] HStCto^T. 8 lttIJB!c*i(tU- 
tf, 8 2KXS3NK> 8 3»*H^>^ 8 4U3**** 

^CDmg^^*To ^zitfcU-1f8 lilt, 02CC^L 

[0 0 64] ffl§27* h? s 4^*#0l0^ftt*H'itl/ 
ririftl*, 0 8<D^2g#U~tf 8 1 by" 4 

FfMf^iUJ* jKttfttfl. 3 MmS(Di^ I nGa 

[0 0 6 5] H8CC^L//c^»; ? -f* * 4 1/9 

&ej:9, ^i^M^^A-^cc^Cir, igitlEtb4^ 30 

r#So 7V y7*v7#>7 £ 4Z/#K.to^x\ai. 0 8 
^■Tct 5 tc N if 8 1 ^©SSfe«|£JB<Dme 

84, 8 5tt, H-**±fflK:#J«3h6. U-lf*© 
mi>f«v *^ffl4tt»©*^«ftffi*6*Ttt*>ft4. 

■ 4 B3II©»T«BKB* 6ff ft £ . 
[0 0 6 8] JR^f !f8 hrw-r 

**HR3ftr*o. 3fcaBHt*y»-^o 40 

fc«»C3R : fO#>f s -r>^^ F 4 *ffl'< 
[0 067] y y?*v?#Zs*f4 —$L 

eg-rn&'M < -T a c 4**r# a/c#ii&fgg<D{ig^ so 
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:b-tt«g»K:3eB-r a C 4 ifin* So 
[0 06 8 1 **5, @8rtt^lI^Lfc^ k Jg$fc 
©*?**««Jtfc«fllU ft 
flts^?£McSC8 2CCftttrae4#nOT*Vft 
S„ 

[0 06 9] ^{C, H9CC*5^T. 9 2», ¥a»ftU- 
1f8 lRtf:7* F^-f^^drccft^-rS^T-Y^ 9 

Sg<HS1*5tt(D^ Yi/^^s 9 I «AtH*fi 
9 5«tHW*m-^. 9 6«AW^m#> 9 7tt, * 

sw*u- j ?8 i*ru-fttfc«aiLfcB«*u-ifru 

^7* h?^ 9 9H BBfKfcU-tfTU 

Y9 i&w* y?4t>7%t\s4$ s*mM?htc#> 
<mnm i c, 9 1 3 a, firsts 8 2*6 ^tg*r a^ 

tf-#-F, 9 1 IB. Higgtg8 2*v1f~#-F9 
1 3 RUM** S /c^CD^SS 8 2 f>7l/ 
-Y, 9 1 2«, fl^fVTU-Y 9 1 1 Z&li ZtctbW 
i?*— *T— F9 1 3»]CD«#t:>V^? h^r^-To 
[0 07 0] vtf-?K- F 9 1 3 J&^OiMf^li, * 

^ 7 ^^<D43^ea|-r.S 0 ffi^¥S<*^-1f9 7R2>' 

2^7CTU^4Tac4^oJ#B-C*ao cnecDr 
U>f97, 9 8K, 0 8CC^L//c^ ^^#>f* 
^>^Cj:^^Sffi8 2±«:^3nao -eL/T, * 
$IStg8 2iCTU-Y 9 7, 9 8 *m$hT ZtctiXDmWi® 
BfciDCSLftillWIBBtlSHLft:. C<D± 5 ftMHEKJ: 

tassel/ B«ccfls5wigw>3e{fc 
^WJ5-rac4^r^^ 0 

[007 MTW97. 9 8 03R-T-*(cfflCi4jt7r 
>f;Ult, y#>SS*7 W^*9 2*SfflU/c 0 
T>f^C0iSffi4TU-f 9 7. 9 8CD^4^ri£Sbrie 
g-r*C4i££oT. U>X«f<D^«^«rm^iC4 

5 0 Mm-T?£>9 . ^O^AWWSfefil^B 0 Mm~C 
^#OffflPi^rl 0 /xmWT4T€>C4^<t 

0, Bo^^^^ait^co^e^^^^^-ra 

0%©^7-^»£!^T£4, ^SB*± 5 umfi 
S4*^o 

[0 0 7 2] ^if-d<- F 9 1 3 ^KSTS^g^vlf 
F9 1 3(D®.frihi*m'£. y*r>§I^^T>f^9 
2 4vlf-^-F9 1 34*5^f*<agl9^tc*ac4 
#M£bt>o -€*CD/c^, TU-Y 9 7. 98(0^^^^^ 
7 7 /^ffiteSffKffig-ra J: ^^^StR8 2 £^1f 



(9) 

15 

F 9 1 3 CcSiltclBBUfc. *3£»£8 2 t^-f 
F9 1 3i», tff>7U>f9 1 1 ie-^t* > 
y$r* h 9 1 24«CJ:0««WK:SS»Sti4. 
[0 0 7 3] 'J#>jW77-f/<9ZB, 77-f^7* 
;l/-;l/9 $ tv r 4 r*v F9 0*>6tc*# 

<fFflMtCJ:9. TU-Y9 7, 9 8©«JRti©fflW 

[0 0 74] ft*** 71/^97, 98 G)&fc?&rt£lft> 

-f /tMB & & ©#IS£ WB* ft S tt l> » S ®*t^ 
[0 0 7 5 ] EU:0*aBM*es> a~-M>*W»c J: 9 * 

[0 07 6] 

tSo *fc. GalnNAs *l»*iStt««:»^*©"C* 
(RfiPl. 3mnMl. 5 5 itimOU-tf**^®^ 

[■nomtttHR] 

[a i ] esw^i4cb^®*f*«^cDia»f^tt^ift 

[02] *f6^CC«4ffiS«6^»U-1fO»l^*S 

[S3] *»w^«**ai« j e^*--^©«*«9i'S"& 

[05] ##69J©ffi*#*ilW* U -lf<Dm 2 <D*SfcW£ 
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[0 6] &mmjmm<Dmm&±mim<DMm®m? 
[07] *mn<DWf&e¥m» u -*r<om 3 <ofmmz 

[08] **H^o^40||ffiWS:S»W*rSte*(D«-7-^ 
«»f3a0o 

[0 9] *«W©*4 0||ttW*WIB"r4fc«>036iSS 

1 -n-GaAs £K 

2-nSAl I nP/GaAs ¥-MW&mWxWlWi 
4 -Gal nA s/GaAs 2«^-#FffittlB 

9-#y -f ^ Kfiara 

10.2 8-pfllS 

1 1 -mmft&mmmm 

12.2 8-nfflK« 

2 0-*WtttGaAs WR 

2 1 -n-GaAs ^vVrM 

2 2-nfiAl I nP/Gal nN As *^*^BIKSI*« 
2 4 -Gal nAs/Gal nPAs j£^ffl«MfiT*#FrS 
ttS 

2 6-pSAl I nP/Gal nN As ^Vft^MHSiitt 

3 1 • -y- 

3 3- KU^>«fi 

3 3-A1 ias 

4 2-nSGaInP/GaInNAs *»tt^MBl5tt« 

4 4-GaInNAs Jft^rSttB 

50.8 i--*nmfe¥ttftu--!r 

5 1 • -U-lfTU-f*^ 

6 1 -3fei^M j e^^ 

8 3-¥ffl'0:/ 

8 4 U-tf<D— ]fr<DSffi 

8 5 -^mwu-if<omjj<omm 

5 4. 9 2-^7^A' 

9 1 -Aa*«# 

9 5-WW7feM# 
9 6 - ASttfefM 

9 B-Ifi7* Ff^f^^7I/-f 
9 1 3--*lN-#-F 
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